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Pleural effusiona b s t r a c t
Background: Different imaging techniques can be used for assessment of chest problems in ICU patients,
however ultrasound is a good diagnostic tool giving more information and at the same time without
exposure to radiation and without risk of critical patient transfer.
Aim of the work: The aim of this work was to study the role of thoracic ultrasound in assessment of ICU
patients.
Materials and methods: The study was carried out on 30 patients admitted to the ICU.B and M modes
chest ultrasound was done for all patients using EsaoteMyLabTMAlpha with eHD Technology.
Results: The study included 19 males and 11 females with mean age of 42.6 ± 21.4 years. In this study
ultrasound was able to diagnose Pneumothorax: 3 cases (10%). Pleural effusion: 20 cases (66.6%). Alveolar
interstitial syndrome: 7 cases (23.3%). Lung consolidation: 20 cases (66.6%). Pulmonary infarcts: 1 case
(3.3%). Neoplastic disease: 1 case (3.3%). Chest wall pathology: 1 case (3.3%).
Conclusion: Ultrasound examination of the chest is a non- invasive, and promising bed side tool for
examination of ICU patients.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
Imaging plays an important role in conjunction with clinical
data in assessment and management of patients in ICU. X ray
and ultrasound are the main imaging modalities which are used
in ICU however the use of other imaging techniques as MDCT&MRI
is being increased [1].
In critically ill ICU patients; there is a major problem of trans-
portation so we have to use the bedside imaging modalities in
order to diagnose the case as much as we can, however the X-ray
provides limited information with exposure to radiation and on
the other hand CT may be time consuming mainly in patient trans-
portation [2].
Ultrasound examination of the chest is a non- invasive imaging
technique which gives information about the lungs, pleura and
mediastinum as well as the chest wall without exposure to radia-
tion and can be used safely in follow up [3].Classic appearance of the normal lung by ultrasound can be
detected by lung sliding in association with horizontal A-lines
and vertical B-lines. A-lines are repetition lines parallel to the pleu-
ral line while B-lines are one or more vertical lines originate at the
pleural interface. B-lines effacing the A lines and move with the
pleural line (Fig. 1) [4,5].
The pleural line is defined as hyperechoic line moving forward
and backward with ventilation and seen about 0.5 cm below the
rib line. By time motion mode (M-mode) there is motionless
parietal tissue above the pleural line and homogenous granular
pattern below the pleural line, this is known as seashore sign
(Fig. 2) [4].
Chest ultrasound plays an important role in diagnosis of differ-
ent pathologies:
Pleural effusion: appears as ananechoic space which present
between the parietal and visceral pleura [7,8]. Different sono-
graphic signs can be detected with pleural effusion such assinusoid
sign, thoracic spine sign and, V-line sign [9–11].
The amount of pleural fluid volume can be estimated with the
simplified formula: V (ml) = 20  Sep (mm) where V is the volume
of pleural fluid, and Sep is the maximal distance between parietal
and visceral pleura in end expiration, the amount of fluid collection
is considered an important factor in indication of thoracocentesis
[12].(2016),
Fig. 1. Ultrasound pattern of normal lung. The pleural line (white arrow) is a
roughly horizontal hyperechoic line 0.5 cm below the upper and lower ribs
identified by acoustic shadow (R). A single vertical artifact arising from the pleural
line and spreading up to the edge of the screen (comet-tails, indicated by asterisk)
can be seen in dependent regions in normally aerated lungs [4].
Fig. 2. Normal lung ultrasound and characteristic seashore sign [6].
Table 1
Patients’ indication for examination.
Indication for examination Number Percent (%)
Dyspnea 10 33.3
Chest pain 7 23.3
Blunt thoracic trauma 6 20.0
Hypoxia 4 13.3
Pleurisy 3 10.0
Fig. 3. 23-years-old female patient with systemic lupus erythematosus and chronic
kidney disease admitted to the intensive care unit and on mechanical ventilation.
Large pleural collections with pleural separation equal to 37 mm ‘‘Sep measure-
ment = 740 ml” on the right side (a), and equal to 40 mm ‘‘Sep measure-
ment = 800 ml” on the left side (b). Ultrasound image using time motion mode
(M-mode) demonstrating the sinusoid sign (c). This sign illustrates an undulation of
the collapsed lung tissue within the pleural fluid thus confirming the fluid nature of
the intra-pleural contents.
Table 2
The provisional diagnoses with the patients’ number for each entity.
Pathology Number Percent (%)
Pleural effusion 20 Simple 17 66.6
Complex 3
Lung consolidation 20 66.6
Alveolar interstitial syndrome 7 Focal 4 23.3
Diffuse 3
Pneumothorax 3 10
Pulmonary embolism 1 3.3
Neoplasms 1 3.3
Chest wall pathology 1 3.3
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Ple
httLung consolidation: can be diagnosed by ultrasound as an
echo-poor or tissue like image [7,13].
Interstitial syndrome: the B-lines play an important in diagno-
sis of diffuse interstitial pathology with thickened interlobular
septa as well as areas of ground-glass opacity [4,14].ase cite this article in press as: Rizk AM et al. Chest ultrasound in the assessme
p://dx.doi.org/10.1016/j.ejrnm.2016.10.009Pneumothorax: by ultrasound pneumothorax can be diag-
nosed by absent lung sliding, as presence of lung sliding
and/or B lines rule out diagnosis of pneumothorax [4,15].
Pulmonary embolism (PE): the following criteria can help in
diagnosis of PE by ultrasound: (1) PE was considered if therent of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
Fig. 4. 60-year-old male patient, post-drainage right pleural effusion. Thoracic ultrasound showing (a) pleural effusion with marked pleural thickening and thick septa within
the effusion (solid arrow), the presence of septations is highly specific for exudative pleural effusion. (b) Anechoic area of pleural effusion (eff). (c) Pleural based lung
consolidation showing air bronchogram (arrow). (d) Axial CT scan confirmed a right sided effusion with right lung collapse. (e) AP chest X-ray confirmed right sided pleural
effusion (black arrow).
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Ple
httwas two or more triangular or rounded pleura-based lesions
can be demonstrated; (2) probable PE: one typical lesion with
a corresponding low-grade pleural effusion; (3) possible PE:
nonspecific sub-pleural lesions <5 mm in size or a single pleural
effusion alone; and (4) PE not established: if there is normal
chest sonography [16,17].ase cite this article in press as: Rizk AM et al. Chest ultrasound in the assessmen
p://dx.doi.org/10.1016/j.ejrnm.2016.10.009Neoplasms: tumors in relation to the pleura can be assessed
with ultrasound, lung tumors appear as predominantly hypoe-
choic masses [8,18].
Chest wall masses: different soft-tissue lesions arising from
the chest wall can be easily detected by high-frequency US.
Masses generally have variable echogenicity and US findingst of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
Fig. 5. 36-year-old male patient was involved in a road traffic accident.(a) M-mode
image in left hemithorax (having pneumothorax) demonstrates a linear, laminar
pattern (open arrow) in the tissue superficial to the pleural line (solid arrow) and a
similar linear pattern (arrow head) deep to the pleural line. This phenomenon,
known as the ‘stratosphere sign’ or ‘barcode’. B-mode showed absence of
lung/pleural sliding sign. (b) Demonstrates the alternating ‘seashore’ (solid arrow)
and ‘stratosphere’ (open arrow) at the ‘lung point’ on M-mode. (c) Axial CT scan
confirmed the presence of left-sided pneumothorax (black arrow).
4 A.M. Rizk et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxxare too non-specific to differentiate between various etiolo-
gies [19].
2. Aim of the work
The aim of this work was to study the role of thoracic ultra-
sound in assessment of ICU patients.
3. Materials and methods
3.1. Patients
This was a prospective study conducted on 30 patients admit-
ted to the Intensive Care Unit of Alexandria Main University Hospi-
tal. All the patients underwent sonographic examination of the
chest, 24 of them underwent conventional chest radiographs and
8 underwent CT study of the chest. CT studies were performed
after the sonographic examinations.
Informed written consents were obtained by patients them-
selves or by their relatives.
3.2. Chest ultrasonography
Within 6 h of admission ultrasound examinations were per-
formed by EsaoteMyLabTMAlpha with eHD Technology. All patients
had Real time gray scale ultrasound including examination of
pleura and lung with a 3.5–5 MHz (Curvilinear) and 5–8 MHz (Lin-
ear) probes. For data analysis each hemithorax was divided into six
regions delineated by the anterior and posterior axillary lines, three
in upper fields (anterior, posterior, lateral) and three in lower fields
(anterior, posterior, lateral). Patients were studied in the supine
position. The lateral position was used for posterior lung surface
examination. Color Doppler imaging was used for assessment of
most of the thoracic lesions. M-mode (motion mode) was utilized
as an adjunctive imaging modality in most of the cases.
4. Results
The present study included 30 patients 19 males and 11 females
with age range 13–90 years, and mean age of 42.6 ± 21.4 years. The
indications for chest US examination with the patients’ number for
each entity were listed in Table 1. The provisional diagnoses with
the patients’ number are listed in Table 2.
4.1. Pleural effusion
Out of the 30 patients included in this study, a diagnosis of
pleural effusion was made in 20 patients (66%). Pleural collections
were classified according to the amount found as well as their
sonographic criteria including echogenicity and septations,
whether fine or thick septations with complex pattern. Regarding
the amount of pleural effusion, ‘‘small (6500 ml)” amount was
found in 9 patients (9/20, 45.0%), and ‘‘large (>500 ml)” amount
in 11 patients (11/20, 55.0%). Regarding the sonographic criteria
effusion subclassified as ‘‘anechoic” in 17 patients (17/20, 85.0%)
(Fig. 3), and ‘‘complex” in 3 patients (3/20, 15.0%) (Fig. 4).
Pleural effusion diagnosed on US was confirmed on chest CT
scan in 5 cases, on CXR in 13 cases, and on both imaging modalities
in 2 cases.
4.2. Pneumothorax
Pneumothorax was found in 3 out of 30 patients. This was con-
firmed on chest CT (two cases) and CXR (one case). Lung sliding
was absent in the affected side in these 3 patients.Please cite this article in press as: Rizk AM et al. Chest ultrasound in the assess
http://dx.doi.org/10.1016/j.ejrnm.2016.10.009Lung point sign is seen at the border of a pneumothorax due
to lung sliding intermittently and coming into contact with the
chest wall during inspiration. It serves as a helpful measure inment of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
Fig. 6. 35-year-old male patient was involved in a road traffic accident. Lung ultrasound scans (a) shows consolidated lower lobe (open arrows) seen as a hypoechoic tissue
containing bright branching echoes representing sonographic air bronchograms (air-filled bronchi). (b) Color Doppler showed poorly vascularized pneumonia. (c)
Transudative pleural effusion. The effusion (eff) is anechoic (black and lacking internal echoes), spleen (spl). (d) Solid appearing pneumonia (asterisks), dot-like and linear
echogenicities represent air bronchograms, liver (liv). (e) Right sided pleural effusion (eff) with associated solid pneumonia (asterisks).
A.M. Rizk et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxx 5determining the actual size of the pneumothorax. On applying
M-mode at this point, alternating ‘‘seashore” and ‘‘stratosphere”
patterns are seen.Please cite this article in press as: Rizk AM et al. Chest ultrasound in the assess
http://dx.doi.org/10.1016/j.ejrnm.2016.10.009LUS of the hemithorax having pneumothorax revealed absence
of ‘‘lung sliding” and absence of ‘‘comet-tail” artifacts on B-mode
and positive ‘‘barcode” or ‘‘stratosphere sign” on M-mode (Fig. 5).ment of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
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It was present in 20 out of 30 patients, two of which were con-
firmed on chest CT scan while 17 were confirmed by CXR in 17
cases, and on both imaging modalities in 1 case. The criterion to
determine the sonographic diagnosis of pneumonia was the find-
ing of sub-pleural lung consolidation with evidence of static or
dynamic air bronchograms (Fig. 6).4.4. The alveolar interstitial syndrome
The A-lines, were ‘‘present” in 27 patients (90.0%) and ‘‘absent”
in 3 patients (10.0%).
The B-lines, were ‘‘present” in 8 patients (26.7%) and ‘‘absent” in
22 patients (73.3%).
Four patients (13.3%) had focal alveolar interstitial syndrome
while three patients (10.0%) had diffuse alveolar interstitial syn-
drome. Alveolar interstitial syndrome diagnosed on US was con-
firmed on chest CT scan in one case, on CXR in four cases, and on
both imaging modalities in two cases.
The fundamental technique for diagnosing interstitial syn-
drome consists of examining the anterior and lateral chest zones
using four intercostal scans per side, corresponding to the upper
and inferior areas anteriorly and the upper and basal areasFig. 7. 58-years-old female patient presented to the intensive care unit with pulmonar
anterior/superior thorax and (c) Left anterior/superior thorax. Lung ultrasound scans depi
diffuse alveolar-interstitial syndrome. (d) AP chest X-ray showed extensive airspace infi
Please cite this article in press as: Rizk AM et al. Chest ultrasound in the assess
http://dx.doi.org/10.1016/j.ejrnm.2016.10.009laterally. A positive scan is characterized by a minimum of three
B-lines, whereas a positive examination is defined by at least two
positive areas per side (Fig. 7).
4.5. Pulmonary infarcts
Were diagnosed in one patient (3.3%) diagnosed as sickle cell
disease, admitted to the intensive care unit due to acute chest syn-
drome (vaso-occlusivecrisis of the pulmonary vasculature). Sub-
pleural wedge-shaped and rounded hypoechoic areas were noted
as well as associated pleural effusion. Findings were confirmed
by CT pulmonary angiography (Fig. 8).
4.6. Neoplastic disease
Was detected in one patient (3.3%) with bronchogenic carci-
noma and lung metastases. Sub-pleural nodular hypoechoic solid
lesions with blurred margins were detected confirmed by CT to
be metastatic nodules. Associated consolidative changes and pleu-
ral effusion were also diagnosed by ultrasound (Fig. 9).
4.7. Chest wall pathology
It was found in one patient (3.3%) suffering from chronic renal
failure who was admitted to an intensive care unit and presentedy edema and gastro-intestinal bleeding. (a) Right lateral/superior thorax, (b) Right
cting B-lines arising from the pleural line (open arrows), confirming thus a pattern of
ltrates compatible with pulmonary edema.
ment of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
Fig. 8. 37-years-old male patient with sickle cell anemia. Chest CTPA (a) coronal view and (b) axial view, showing acute PE (filling defect, open arrows). Ultrasound image
showing triangular (open arrow, c) and rounded lung infarcts (arrow head, d). Both lesions are pleural based. Right sided pleural effusion (eff.) (e).
A.M. Rizk et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxx 7with tenderness and swelling over localized area of his chest. US
revealed chest wall haematoma that showed subcutaneous well
defined lesion, showing thickened wall, heterogeneous
echogenicity with multiple septations and fluid-fluid leveling
(Fig. 10).Please cite this article in press as: Rizk AM et al. Chest ultrasound in the assess
http://dx.doi.org/10.1016/j.ejrnm.2016.10.0095. Discussion
Critically ill patients are in need for diagnostic imaging tools
which are available, non-invasive and accurate for better diagnosis
and outcome [4]. To date, X-ray and CT are the imaging modalitiesment of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
Fig. 9. 60-years-old male patient with bronchogenic carcinoma, lung metastases, and malignant pleural effusion (a) LUS showed a large pulmonary consolidation (asterisks),
and a very small subpulmonary pleural effusion (eff.). (b) Chest US showed a peripherally located hypoechoic lung metastasis (open arrow). (c) US examination of the chest
showed an echogenic swirling pattern (numerous floating hyperechoic particles within the pleural effusion in the pleural cavity). (d) CT scan showed multiple round nodules
and masses of varying sizes in both lungs, consistent with metastases (black arrows).
8 A.M. Rizk et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxxused for diagnosis and follow up of thoracic pathologies [3]. With
recent advent of portable ultrasound machines which is available,
bedside technique, safe and relatively cheap, sonography has
become an important tool for diagnosis of chest pathologies in
ICU patients [1].
Pleural effusion is considered as the main indication for thoracic
sonography in ICU patients [12,20–22] and ultrasound has the abil-
ity to diagnose presence of effusion, its nature and volume to help
in management. Different studies have focused either on the ability
of ultrasound to detect pleural effusion or the ability to quantify its
volume.
In this study, three displays of pleural effusion were identified
according to its internal echogenicity; (a) anechoic, (b) complex
non-septated, and (c) complex septated.
X-ray chest is considered the first step in the diagnosis of pneu-
monia; however it has several limitations and is not sensitive or
specific 100%. During the last decade, MDCT is considered the main
imaging tool for accurate diagnosis of pneumonia. Although CT
could be considered the ‘‘gold standard” technique in the diagnosis
of pneumonia, it cannot be used usually as a first-radiological step
in all patients with suspected pneumonia [23]. In this study wePlease cite this article in press as: Rizk AM et al. Chest ultrasound in the assess
http://dx.doi.org/10.1016/j.ejrnm.2016.10.009assessed the ability of bedside lung US to confirm clinical suspicion
of pneumonia and the feasibility of its integration in ICU.
In the current study cases of pneumonia were diagnosed by
presence of consolidation with associated air bronchogram, alveo-
lar interstitial sign, pleural effusion, and most patients have more
than one finding. These results are concomitant with Nafae et al.
[23] who told that typical features of pneumonia by ultrasound
include hypoechoic area with irregular margins that shows hetero-
geneous texture caused by focal air bronchograme, a small
homogenous subpleural section with no air inlets, a widening of
the pleural space adjacent to the pneumonic patch and a large
amount of basal pleural effusion. They concluded that thoracic
ultrasound is a further imaging technique for diagnosis of
pneumonia.
Our data suggested that lung ultrasound may be a valuable tool
in assessing alveolar-interstitial syndrome in ICU patients. The
ultrasound examination was easy, non-invasive and fast, making
it an attractive approach for assessing pulmonary fluid status.
Alveolar-interstitial syndrome is a common problem in the critical
ill patient in general and especially in patients with sepsis and
ARDS. In the current study, using lung ultrasound to detect so-
called B lines proved to be a useful diagnostic tool in the detectionment of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
Fig. 10. 55-year-old male patient admitted to an intensive care unit with a history of renal failure and on hemodialysis. (a) Linear probe sonographic image, (b) curvilinear
probe sonographic image show subcutaneous well defined, rounded lesion, showing thickened wall, heterogeneous echogenicity with multiple septations and fluid-fluid
leveling. (c) Right sided pleural effusion. (d) Axial CT scan showed large hematoma (arrow) in the right chest wall.
A.M. Rizk et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxx 9of alveolar-interstitial syndrome. The present results revealed sub-
stantial agreement between LUS and CT scans in detecting
alveolar-interstitial syndrome in critical care patients.
Stefanidis et al. [24] stated that interpretation of lung ultra-
sound artifacts can be helpful in various clinical problems. Study
of these artifacts allows assessment of lung aeration in patients
with ARDS. The association of B-lines with the presence of
extravascular lung water may extend the role of lung ultrasound
in evaluating lung aeration together with pulmonary fluid status.
The diagnosis of pneumothorax in ICU patients is important by
using the least invasive techniques without patient transfer.
Volpicelli et al. [15] reported a method for diagnosis of pneu-
mothorax by using the classic sonographic findings in the form
of: the lung sliding, the lung pulse, the B lines and the lung point.
The first three signs are strongly predictive of absent pneumoth-
orax; while the lung point is the sign that confirms a pneumoth-
orax. Therefore, in this study, chest US did not miss any clinically
significant pneumothorax and is considered a reliable bedside
tool to diagnosis such abnormality. We used absent lung sliding
with the A-line sign, the lung pulse and the lung point sign to
specifically diagnose pneumothorax, thus, no false positive results
were obtained.
Mathis et al. [17] described findings that are suggestive of pul-
monary embolism by ultrasound. We used ultrasonography just toPlease cite this article in press as: Rizk AM et al. Chest ultrasound in the assess
http://dx.doi.org/10.1016/j.ejrnm.2016.10.009survey for PE, whereas their work raises the possibility of using
ultrasonography to rule in the diagnosis. The technique of lung
ultrasonography used in the present study did not include the
methods used by these authors as they used Doppler study of
lower limbs veins, D-dimer, ECHO and scintigraphy. But still MDCT
pulmonary angiography is the most accurate method for diagnosis
of PE. In ultrasound we depend upon diagnosis of PE by presence of
pleural based lesions which may present in other pathologies.
Andreas et al. [25], concluded that lesions arising from the
pleura, chest wall, and the anterior mediastinum can be detected
with US. Peripheral pleural based lesions can also be detected. So
ultrasound can be used for diagnosis of these lesions or help in
biopsy procedure.
Ultrasound is a tool that is used for detection of chest wall
lesions including lipomas, abscesses, and others either benign or
malignant masses [19]. In the present study, sonography was help-
ful in the detection of chest wall hematoma in one patient with
history of renal failure and on dialysis.6. Conclusion
Ultrasound examination of the chest is a non- invasive, and
promising bed side tool for examination of ICU patients. Portablement of patients in ICU: How can it help? Egypt J Radiol Nucl Med (2016),
10 A.M. Rizk et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxxUS machines can be used to assess the critically ill patients without
transfer and more or less with high accuracy. Lung ultrasound is
actually the stethoscope of today.
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